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A magnetic adatom chain, proximity coupled to a conventional superconductor with spin-orbit
coupling, exhibits locally an odd-parity, spin-triplet pairing amplitude. We show that the singlet-
triplet junction, thus formed, leads to a net spin accumulation in the near vicinity of the chain.
The accumulated spins are polarized along the direction of the local d-vector for triplet pairing and
generate an enhanced persistent current flowing around the chain. The spin polarization and the
“supercurrent” reverse their directions beyond a critical exchange coupling strength at which the
singlet superconducting order changes its sign on the chain. The current is strongly enhanced in the
topological superconducting regime where Majorana bound states appear at the chain ends. The
current and the spin profile offer alternative routes to characterize the topological superconducting
state in adatom chains and islands.
Artificial lattices of magnetic adatoms, such as Fe,
Cr or Gd, deposited on a spin-orbit coupled conven-
tional superconductor, provide a versatile platform to
realize Majorana bound states (MBS), locally accessible
via scanning tunneling microscopy (STM) [1–9]. Unlike
the heterostructure-based schemes [10–13], these adatom
lattices can exhibit topological superconductivity (TSC)
even in the absence of spin-orbit coupling (SOC) when
the adatom moments within a chain form a real-space
helix [14–16]. The adatoms act as magnetic impurities
for the host superconductor and give rise to Yu-Shiba-
Rushinov (YSR) states which hybridize to form a band
dispersing within the energy gap of the superconduc-
tor [17–20]. In suitable parameter regimes, SOC induces
chiral TSC in the YSR impurity band [16, 21–35]. An
adatom chain, therefore, mimics the physics of the one-
dimensional Kitaev model [36] which contains isolated
MBS at the ends of the chain. Experimental signatures
for the possible existence of MBS on magnetic adatom
chains were reported in recent STM experiments [4–8].
The broken inversion symmetry at an interface allows
for a finite Rashba SOC. In the host s-wave superconduc-
tor, it combines with the local magnetic-exchange fields
to produce spin-triplet, odd-parity, ± px+ ipy-wave pair-
ing at the adatom sites [37]. Conversely, the exchange
field at the adatom sites suppresses the s-wave order pa-
rameter. Therefore, the adatom sites possess an admix-
ture of spin-singlet s-wave and spin-triplet ± px + ipy-
wave pairing. The spin-triplet correlations decay rapidly
away from the adatom sites. An effective Josephson junc-
tion is, thus, formed in the vicinity of the adatom chain.
A junction between a singlet and a triplet superconductor
is predicted to accumulate spin because of the lifted spin-
degeneracy of Andreev bound states (ABS) [38]. Con-
comitantly, Rashba SOC generates a persistent current,
carried by the YSR states, around the magnetic impuri-
ties; the currents flow orthogonal to the local spin polar-
ization [39].
Here, we show that the two different mechanisms,
viz. the singlet-triplet Josephson junction and Rashba
SOC, jointly cooperate to reinforce spin accumulation
and spontaneous current flow around the adatom chains.
Due to Rashba SOC, the accumulated spin provides an
additional source for a circulating current around the
adatom chain. The accumulated spins are polarized per-
pendicular to the direction of current flow and parallel
to the local d-vector of the triplet pairing amplitude.
The s-wave pairing gap at the adatom site acquires a
sign change as the YSR states undergo a parity-changing
phase transition when the exchange coupling is tuned be-
yond a critical strength. The directions of both the spin-
polarization and the current are reversed at the same
exchange-coupling strength at which ∆s changes sign.
The current is significantly enhanced in the topological
superconducting regime and, therefore, can be used as
an alternative probe for the identification of TSC and
the experimental verification of MBS.
We describe the adatom chain coupled to the host su-
perconductor by the Hamiltonian Hhost + Himp. For a
square lattice, Hhost is written as
Hhost = −t
∑
〈ij〉,σ
c†iσcjσ − µ
∑
i,σ
c†iσciσ
− iα
∑
〈ij〉,σ,σ′
(σ × dij)zσσ′c†iσcjσ′
+
∑
i
(∆isc
†
i↑c
†
i↓ + ∆
i∗
s c
†
i↓c
†
i↑), (1)
where t is the nearest-neighbor hopping amplitude of
electrons, µ the chemical potential, and α the strength of
Rashba SOC; dij denotes the unit vector between sites
i and j. ∆is = −Us〈ci↑ci↓〉 is the local s-wave pairing
gap, with the strength Us of the onsite attraction. The
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2adatom Hamiltonian Himp is expressed as
Himp = −J
∑
i∈I,σ,σ′
(Si · σz)σσ′c†iσciσ′ (2)
where J is the strength of the exchange coupling be-
tween the adatom spin Si and the conduction-electron
spin, and I denotes the sub-lattice corresponding to the
adatom-chain sites. We assume that all the adatom spins
are identical and ferromagnetically aligned along the z-
direction which is perpendicular to the surface of the su-
perconductor, i.e. Si = Szˆ.
With this choice of the Hamiltonian, the local pairing
amplitudes and other site-resolved observables are de-
termined using the self-consistent Bogoliubov-de Gennes
(BdG) formalism [see Supplemental Materials]. To study
the induced triplet-pairing amplitude on and near the
chain, we add an equal-spin, nearest-neighbor, triplet
term Htriplet =
∑
〈ij〉,σ(∆
t,ij
σσ c
†
iσc
†
jσ + ∆
t,ij∗
σσ c
†
jσc
†
iσ) where
∆t,ijσσ = −Ut〈ciσcjσ〉. Ut is the strength of the attrac-
tive interaction in the triplet channel. Such an interac-
tion is generated by parity fluctuations in the presence
of Rashba SOC and ferromagnetic exchange fields [40].
The total Hamiltonian Hhost +Himp +Htriplet is diag-
onalized to obtain the pairing amplitudes ∆is and ∆
t,ij
σσ
in the self-consistent BdG evaluation, performed on an
N×N square lattice with an adatom chain of length Nimp
and open boundary conditions. Here, we show results
for Ut = Us, but we checked that the results, presented
here, do not differ qualitatively for smaller values of Ut,
even in the limit Ut → 0. The even-parity triplet pair-
ing amplitude necessarily vanishes because of the broken
time-reversal symmetry (TRS) at the impurity sites [41].
The pair of YSR states, originating from a single mag-
netic impurity in an s-wave superconductor, emerge from
the continuum of bulk states and move symmetrically
closer in energy within the bulk superconducting gap, as
the impurity moment JS is increased. A quantum phase
transition occurs with respect to the total spin of the
ground state when they cross zero energy at a critical
value JcS (= 1/piN0, where N0 is the normal-state den-
sity of states at the Fermi level [42]). Beyond JcS, the
YSR states move apart and approach the bulk contin-
uum states. For an adatom chain, the YSR states form
a band and, there is a range Jc1S ≤ JS ≤ Jc2S within
which the YSR states remain close to zero energy. With
a finite Rashba SOC and the inclusion of triplet pairing
in the self-consistent calculation, there is a discontinuous
change in energy of the YSR states for a single impurity
at JcS = 2.56) rather than a smooth crossover, and for
an adatom chain, the ‘zero-energy’ MBS appear within
the same range Jc1S ≤ JS ≤ Jc2S (where, Jc1S = 2
and Jc2S = 3.9), as shown in Fig. 1(a) [see Supplemen-
tal Materials for details on MBS]. The critical numbers
JcS, Jc1S and Jc2S are modified in the presence of fi-
nite SOC [43]. The pair of the zero-energy MBS is sep-
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FIG. 1. (Color online) (a) Variation of the BdG spectrum
with impurity moment JS for a chain of length Nimp = 50,
on a superconducting square lattice of size 61× 61. The yel-
low lines are the pair of YSR states for a single magnetic
impurity in the same superconducting host. The insets on
the left show the adatom configurations. The pair of red
lines at zero energy represents the MBS within the range
Jc1S ≤ JS ≤ Jc2S. Right inset: expanded view of the
spectrum for the chain within the topological range. (b),
(c), (d) and (e) show, respectively, the z-component of spin-
expectation value Sz, singlet pairing gap ∆s, and triplet pair-
ing amplitudes ∆t1↑↑, ∆
t3
↑↑, averaged along the chain, (see main
text) at the adatom sites or bonds with varying JS for a
chain and a single impurity. The black square symbols in (b)
show the total Sz, divided by Nimp = 15, for a 21 × 21 lat-
tice. The vertical green lines in (d) and (e) denote the value
of JS at which Re(∆t1,Chain↑↑ ) is maximum and Im(∆
t3,Chain
↑↑ )
changes sign. Parameters taken: t = 1, µ = 0, α = 0.1, and
Us = 3 = Ut.
arated by a small energy gap, referred to as the mini-
gap [44], from the YSR band states as shown in the inset
of Fig. 1(a). The spatial extent of the MBS, centered
at the two ends, decays exponentially with distance, but
still gives rise to a finite overlap at the center of the chain,
creating a tiny hybridization gap (∼ 10−4 for Nimp = 50)
which reduces with increasing chain length.
For a single magnetic impurity, the zero-energy level-
crossing of the YSR states leads to a quantum phase tran-
3sition as a localized quasiparticle excitation, with spin
opposite to the impurity spin, is spontaneously created,
forming an antiferromagnetic bound state with the impu-
rity spin [37, 42, 45, 46]. The transition at JcS changes
the total Sz of the ground state of the pairing Hamilto-
nian from Sz = 0 to ±1/2, depending on the sign of J
[see Supplemental Materials]. On the other hand, the s-
wave pairing amplitude ∆s at the impurity site sharply
drops in magnitude at JcS and even encounters a sign
change with respect to the bulk [42, 47].
For an adatom chain, the transition in the total Sz
of the conduction electrons Sz = 1/2
∑
i,σ,σ′〈c†iσσzσσ′ciσ′〉
and the singlet pairing gap ∆s take place within the same
range Jc1S ≤ JS ≤ Jc2S as depicted in Figs. 1(b) and
1(c). With increasing JS, the total Sz increases in dis-
crete steps of height 1/2 [48]. The sign change in ∆s
occurs at Jc2S when Sz = 1/2Nimp. Also at Jc2S, the
system becomes non-topological.
We calculate the triplet pairing amplitudes ∆t,ijσσ on
the four bonds connected to the chain site i viz. ∆t1σσ =
∆i,i+xˆσσ , ∆
t2
σσ = ∆
i,i−xˆ
σσ , ∆
t3
σσ = ∆
i,i+yˆ
σσ , and ∆
t4
σσ =
∆i,i−yˆσσ . Due to the inherent p-wave symmetry, we ob-
tain: ∆t2σσ = −∆t1σσ and ∆t4σσ = −∆t3σσ. Furthermore,
we find Im(∆t1σσ) =Re(∆
t3
σσ) = 0, Re(∆
t1
↑↑) = −Re(∆t1↓↓)
and Im(∆t3↑↑) = Im(∆
t3
↓↓). This implies −px + ipy-wave
pairing for the ↑↑ channel and px + ipy-wave pairing for
the ↓↓ channel. The triplet pairing amplitudes reflect
the broken TRS at the adatom sites; they decay rapidly
away from the chain sites [see Supplemental Materials].
Figs. 1(d) and 1(e) show the variation of the triplet pair-
ing amplitudes with JS. For a single impurity, these
amplitudes reveal sharp jumps at JcS, along with a sign
change in Im(∆t3σσ). For the adatom chain, the transition
proceeds within the range Jc1S ≤ JS ≤ Jc2S, along with
a maximum in Re(∆t1σσ) and a sign change in Im(∆
t3
σσ) at
JcsS = 3.6 (denoted by a green vertical line in Figs. 1(d)-
(e)). Hence, at JcsS, there is a change in pairing sym-
metry from ±px + ipy-wave to ±px − ipy-wave (± refers
to pairing in ↑↑ and ↓↓ channels, respectively).
The triplet pairing is confined to the near vicinity of
the adatom chain, and, therefore, an effective Josephson
junction is formed between the chain region with pairing
symmetry s ± px + ipy and the surrounding host super-
conductor with s-wave symmetry. Enhancing the triplet-
pairing amplitude at the junction also increases the mag-
nitude of the accumulated spins which are polarized in
the direction of the local d-vector (in Balian-Werthamer
representation) of the triplet pairing amplitude [38, 49]
[see Supplemental Materials]. The spins near the chain
point towards and away from the chain, respectively, for
JS below and above Jc2S. The reorientation of the d-
vector and the sign change in ∆s both occur at the same
critical impurity moment JcS for a single magnetic impu-
rity. But for an adatom chain, the d-vector flips its direc-
tion at JcsS while ∆s changes sign at Jc2S. The resultant
spin profile near the chain is plotted in Figs. 2(a)-(c), in
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FIG. 2. (Color online) Profile of the accumulated spins near
the adatom chain for (a) JS = 1(< Jc1S), (b) JS = 3(Jc1S ≤
JS ≤ Jc2S), and (c) JS = 5(> Jc2S), calculated on a 21× 21
lattice with Nimp = 15. The red symbols mark the adatom
sites. The length of the arrows is amplified for visualization
purpose. (d) Variation of the spin-expectation value Sy, av-
eraged over the sites just below the chain, with impurity mo-
ment JS for finite Ut and Ut = 0 (solid symbols and dashed
lines, respectively) in case of a single magnetic impurity (blue)
and a chain (red). Parameters are the same as in Fig. 1.
the three regimes, i.e. JS < Jc1S, Jc1S ≤ JS ≤ Jc2S,
and JS > Jc2S. To get quantitative information about
the spin polarization and the value of JS at which the
spins flip their directions, we calculate Sy = 1/2〈σy〉
at the neighboring sites below the adatom chain, with
Ut = 0 and with finite Ut, and plot the average value with
increasing JS in Fig. 2(d). We observe a slight variation
of Sy in the topological regime, that however decreases
with increasing chain length. More importantly, Sy, with
finite Ut, acquires significantly larger values below Jc1S
compared to that in the case of Ut = 0. The ampli-
tude of Sy follows the behavior of Im(∆
t3
σσ), suggesting a
close connection between the accumulated spin and the
triplet pairing amplitude. Sy changes sign at JcS for a
single impurity and at Jc2S for an adatom chain. The
sign change in Im(∆t3σσ) at JcsS is not reflected in Sy
owing to the small amplitude of Im(∆t3σσ) near Jcs. The
exchange coupling jointly with Rashba SOC control the
sign-change in Sy at Jc2S when ∆s also changes sign.
Rashba SOC gives rise to an additional contribution
to the paramagnetic current operator, the expectation
value of which depends upon the magnetization profile.
A magnetic impurity or a ferromagnetic island, proximity
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FIG. 3. (Color online) Current flow around the adatom chain
for (a) JS = 1(< Jc1S), (b) JS = 3(Jc1S ≤ JS ≤ Jc2S),
and (c) JS = 5(> Jc2S), calculated on a 21 × 21 lattice
with Nimp = 15. The red symbols mark the adatom sites.
(d) Variation of the magnitude of the current js, normalized
by the critical supercurrent for the host superconductor jsc,
with the impurity moment JS for a single magnetic impurity
(blue squares) and an adatom chain (red circles). The dashed
line shows the variation of the current with JS for Ut = 0.
Parameters are the same as in Fig. 1.
coupled to a superconductor, renders a finite spin polar-
ization around the impurity or the island, giving rise to
a SOC-driven current [39, 50]. Hence, the spin accumu-
lation near the chain generates a current in the super-
conductor which circulates around the chain. Driving
a current via magnetism is referred to as the magneto-
electric effect [51]. The contribution to the current oper-
ator jSOCs = (jsx, jsy) originating from Rashba SOC is
given by
jsx/sy = ∓αe~
∑
σ,σ′
(σy/x)σσ′(c
†
i+xˆ/yˆ,σci,σ′ − c†i,σ′ci+xˆ/yˆ,σ).
following the Peierls-factor derivation of Ref. [52]. The
rising of Sx/y at sites next to the adatom chain, induced
by the singlet-triplet junction, leads to an enhanced cur-
rent around the chain as described in Fig. 3. For a single
magnetic impurity, the current js drops to a large neg-
ative value and changes its sense of circulation at JcS
where ∆s changes sign. However, for an adatom chain, js
rises to higher values at Jc1S (a few percent of the critical
current jsc = 2e∆/pi~ for the host superconductor [53]),
decreases non-monotonically and finally reverses its prop-
agation direction at Jc2S as shown in Fig. 3(a)-(d). The
non-monotonic behavior of js between Jc1S and Jc2S, in-
cluding the steps, may be envisaged as a conjugate effect
of (i) decrease in Sy of the accumulated spins and (ii) the
step-wise increase in total Sz of the superconductor. The
current is carried by the YSR states around the chain.
The magnetic-adatom chains have certainly received
particular attention because of the existence of MBS at
the chain ends. However, as our results demonstrate,
the physics of the adatom chains contains far more in-
triguing aspects which originate from Rashba SOC. The
accumulated spin polarization and the spin-triplet pair-
ing amplitudes can possibly be detected by local spin-
resolved probes with STM techniques [54], while the or-
bital magnetic moment of the persistent current around
the adatom chains should be measurable using scanning
SQUID sensors. The existence of the MBS, as inferred
from STM experiments, appears still ambiguous primar-
ily because of experimental challenges in disentangling
the MBS from the YSR states near zero energy [55]. The
simultaneous detection of the circulating currents would
therefore provide a further piece of evidence in support of
TSC and the interpretation of the STM signals in favor
of MBS.
For a particular choice of adatoms (Fe or Co) and their
configuration on the surface, the parameters J and S are
fixed and it is not possible to explore different phases
in one experiment. The issue could be circumvented
by applying a homogeneous magnetic field to rotate the
spin polarization of the adatoms. In the current analy-
sis, we assumed the adatom spins to point towards the
z-direction i.e. perpendicular to the surface of the super-
conductor. Since Rashba SOC breaks the SU(2) symme-
try, the YSR states depend on the polar angle θ of the
adatom spins and a topological phase transition can be
induced by tuning θ [43, 56]. A magnetic-field rotation
experiment may thereby tune to the topological regime
using the circulating current as a probe. The phenom-
ena, identified here, are equally applicable to islands of
adatoms where MBS convert to edge-bound modes.
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1Supplemental Materials: Supercurrent as a Probe for Topological Superconductivity
in Magnetic Adatom Chains
S1. SELF-CONSISTENT BOGOLIUBOV-DE GENNES (BDG) FORMALISM
The total Hamiltonian Htot = Hhost+Himp+Htriplet for a spin-orbit coupled superconductor with an adatom chain
is written in a square lattice as
Htot = −t
∑
〈ij〉,σ
c†iσcjσ − µ
∑
i,σ
c†iσciσ − J
∑
i∈I,σ,σ′
(Si · σz)σσ′c†iσciσ′ − iα
∑
〈ij〉,σ,σ′
(σ×dij)zσσ′c†iσcjσ′
+
∑
i
(∆ic
†
i↑c
†
i↓ + ∆
∗
i c
†
i↓c
†
i↑) +
∑
〈ij〉,σ
(∆σσij c
†
iσc
†
jσ + ∆
σσ∗
ij c
†
jσc
†
iσ) (E1)
where t is the hopping amplitude, µ the chemical potential, J the exchange coupling strength of the adatom spin Si
(assumed to be polarized along the z-direction) with the conduction electrons. I denotes the sub-lattice of the adatom
chain, α is the strength of Rashba spin-orbit coupling, and dij the unit vector between nearest-neighbor sites i and
j. ∆i = −Us〈ci↑ci↓〉 is the onsite singlet pairing gap with the attractive pairing potential Us and ∆σσij = −Ut〈ciσcjσ〉
denotes the nearest-neighbor equal-spin pairing gap with the attractive triplet pairing potential Ut.
The above Hamiltonian is diagonalized using the Bogoliubov-Valatin transformation:
ciσ =
∑
n,σ′
[
uinσσ′γnσ′ + v
i∗
nσσ′γ
†
nσ′
]
(E2)
where γ†nσ′ (γnσ′) is a fermionic operator which describes the creation (destruction) of a BdG state with spin σ
′ in
the nth eigenstate of Htot; u
i
nσσ′ and v
i
nσσ′ are the particle and hole amplitudes, respectively. After diagonalization,
Htot is rewritten in terms of u
i
nσσ′ and v
i
nσσ′ . It is convenient, therefore, to remove the index σ
′ attached to these
variables, whereby the summation over σ′ is implicitly subjoined in the sum over n. The BdG equations can finally
be written, in the matrix form, as
∑
i

Γ↑↑ij Γ
↑↓
ij ∆
↑↑
ij ∆
↑↓
ij
Γ↓↑ij Γ
↓↓
ij −∆↓↑ij ∆↓↓ij
∆↑↑∗ij −∆↓↑∗ij −Γ↑↑∗ij −Γ↑↓∗ij
∆↑↓∗ij ∆
↓↓∗
ij −Γ↓↑∗ij −Γ↓↓∗ij


ujn↑
ujn↓
vjn↑
vjn↓
 = En

ujn↑
ujn↓
vjn↑
vjn↓
 (E3)
where Γσσ
′
ij = −t(1 − δij)δσσ′ − µδijδσσ′ − J(Si · σz)σσ′δij(1 − δσσ′) − iα(σ×dij)zσσ′ (1 − δij)(1 − δσσ′) (δ’s are the
Kronecker’s delta functions), and En is the energy of n
th eigenstate. For a square lattice of size N × N , the above
matrix is of dimension 4N2 × 4N2.
The local pairing amplitudes and the magnetization components are written in terms of the particle and hole
amplitudes as
∆i = −Us〈ci↑ci↓〉 = −Us
∑
n
[
uin↑v
i∗
n↓(1− f(En)) + uin↓vi∗n↑f(En)
]
,
∆σσij = −Ut〈ciσcjσ〉 = −Ut
∑
n
[
uinσv
j∗
nσ(1− f(En)) + uinσvj∗nσf(En)
]
,
Sxi =
1
2
〈c†i↑ci↓ + c†i↓ci↑〉 =
1
2
∑
n
[
(ui∗n↑u
i
n↓ + u
i∗
n↓u
i
n↑)f(En) + (v
i
n↑v
i∗
n↓ + v
i
n↓v
i∗
n↑)(1− f(En))
]
,
Syi =
−i
2
〈c†i↑ci↓ − c†i↓ci↑〉 =
1
2
∑
n
[
(ui∗n↑u
i
n↓ − ui∗n↓uin↑)f(En) + (vin↑vi∗n↓ − vin↓vi∗n↑)(1− f(En))
]
,
Szi =
1
2
〈c†i↑ci↑ − c†i↓ci↓〉 =
1
2
∑
n
[
(|ui∗n↑|2 − |ui∗n↓|2)f(En) + (|vi∗n↑|2 − |vi∗n↓|2)(1− f(En))
]
, (E4)
where f(En) is the Fermi-Dirac distribution function, entering in the above equations via the relations: 〈γ†nγn〉 =
f(En) and 〈γnγ†n〉 = 1 − f(En). In what follows, iterations are performed using Eq. (E3) and Eqs. (E4) until
self-consistency is achieved at every sites, and finally the local order parameters are computed using Eqs. (E4).
2The local density of states (LDOS) is given by
ρi(E) =
1
N2
∑
n,σ
[
|uinσ|2δ(E − En) + |vinσ|2δ(E + En)
]
, (E5)
where δ(E ± En) are the Dirac delta functions which are approximated by Gaussian functions in the numerical
evaluations.
S2. MAJORANA BOUND STATES IN THE TOPOLOGICAL SUPERCONDUCTING PHASE
As made evident in Fig. 1 in the main text, the magnetic adatom chain exhibits topological superconductivity
within the range Jc1S ≤ JS ≤ Jc2S. To verify the Majorana bound states (MBS) appearing within this range of JS,
we plot the LDOS profile corresponding to the lowest pair of energy eigenvalues for a square lattice of size 61 × 61
with a 50-sites long adatom chain for JS = 1 (non-topological phase) in Fig. F1(a) and for JS = 3 (topological
phase) in Fig. F1(b). For JS = 1, the LDOS profile is centered in the middle of the chain indicating that the Yu-
FIG. F1. The LDOS profile of an adatom chain of length Nimp = 50, on a superconducting square lattice of size 61 × 61,
corresponding to the pair of lowest energy eigenvalues for exchange-coupling strength (a) JS = 1 (non-topological phase),
and JS = 3 (topological phase). The sharp peaks at the ends of the chain in (b) represent the zero-energy localized MBS.
Parameters are the same as in Fig. 1 in the main text.
Shiba-Rushinov (YSR) states are extended within the impurity chain. Instead, for JS = 3, the lowest-energy pair
(±2.8× 10−4) comes close to zero and the LDOS is concentrated at the two ends of the adatom chain. These sharp
features at the chain-ends are the signatures of localized MBS. The tiny energy gap (∼ 10−4 for Nimp = 50) between
the two MBS arises because the two MBS which decay exponentially with distance, but hybridize in the middle of
the chain. This hybridization gap reduces with increasing chain length.
S3. SPIN-TRIPLET PAIRING AT THE ADATOM CHAIN
To study the spatial confinement of the induced triplet pairing amplitude, we plot in Fig. F2 the profile of the
magnetization, the singlet and triplet pairing amplitudes in the two-dimensional lattice plane. We find that the
induced triplet pairing is confined to the vicinity of the adatom chain and die off quickly at sites further away from
the chain. The s-wave pairing gap ∆s is significantly suppressed because of the local magnetization along the chain, as
shown in Fig. F2(a)-(b). Interestingly, the triplet order parameters Re(∆t,1↑↑ ) and Im(∆
t,3
↑↑ ) reveal maximum amplitudes
at the ends of the chain only in the topological superconducting regime, as shown in Fig. F2(c)-(d). It was, in fact,
proposed that MBS on the boundary of topological superconductors have universal spin-triplet correlations [R6].
There is a sign change in Re(∆t,1↑↑ ) at the two ends of the chain indicating the realization of chiral p-wave triplet
3FIG. F2. The spatial profile of (a) z-component of spin-expectation value Sz, (b) singlet s-wave superconducting order parameter
∆s, (c) real part of triplet pairing gap for the bond along +x direction, Re(∆
t,1
↑↑ ), and (d) imaginary part of triplet pairing gap
for the bond along +y direction, Im(∆t,3↑↑ ), calculated for JS = 3 (topological superconducting phase). A square lattice of size
61× 61 was used for the calculation with impurity-chain length Nimp = 50 and parameters of Fig. 1 in the main text.
pairing. The results demonstrate that a mixed singlet-triplet pairing is realized in the chain and, thus an effective
Josephson junction is formed in the vicinity of the chain. The consequences of the Josephson junction is discussed in
the main text.
For a conventional superconductor, the superconducting critical temperature Tc and the pairing amplitude ∆ are
related to the attractive interaction strength U via kBTc = 1.13EDe
−1/N(0)U and ∆(T = 0) = 1.76kBTc, where ED
is a cutoff energy for pairing and N(0) is the density of states at the Fermi level. In order to check the nature of
the induced triplet pairing in the adatom chain, we plot the logarithm of the triplet pairing amplitude ∆t = Re(∆
t1
↑↑)
with Ut in Fig. F3. In the Ut → 0 limit, log(∆t) approaches a finite, small number. The results establish that the
induced triplet pairing on the adatom chain is of conventional character.
To identify the connection between the polarization of the accumulated spins near the chain and the induced triplet
pairing, we plot the local d-vector of the triplet pairing amplitude in real space in Fig. F4. In Balian-Werthamer
representation, the pairing matrix can be written as(
∆↑↑ ∆↑↓
∆↓↑ ∆↓↓
)
=
(
∆s + σ · d
)
iσ2 =
(−dx + idy ∆s + dz
−∆s + dz dx + idy
)
(E6)
Due to broken time-reversal symmetry, the even-parity component vanishes [R3] i.e. dz = 0. The other two compo-
nents are calculated via dx = −(∆↑↑ − ∆↓↓)/2 and dy = Im(∆↑↑ + ∆↓↓)/2. It is evident that the d-vector flips its
direction beyond JcsS, as also found from Fig. 1(e) of the main text.
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FIG. F3. Variation of the triplet order parameter ∆t in natural logarithmic scale with the attractive interaction strength Ut for
impurity moment JS = 3. Inset show the variation of log(∆t/Ut) with log(Ut). Other parameters are the same as in Fig. F2.
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FIG. F4. The real-space profile of d-vector of the triplet pairing amplitude for (a) JS = 1 (trivial phase), (b) JS = 3
(topological superconducting phase) and (c) JS = 5 (trivial phase). Other parameters are the same as in Fig. F2.
S4. VARIATION OF THE OCCUPATION NUMBER
With increasing impurity moment JS, the total Sz of the superconductor, for a single impurity, increases by ±1/2
(depending on the sign of J) at Jc. For an adatom chain, the total Sz increases in steps of height 1/2 within the
range Jc1S ≤ JS ≤ Jc2S to the final value ±(1/2)Nimp, as described in the main text. This increase corresponds to
the spontaneous creation of quasiparticle excitations. However, the quasiparticle excitations in BdG evaluation of the
pairing Hamiltonian always come in pairs. This is reflected in FIG. F5 which shows the variation of the occupation
numbers n↑ and n↓ of up- and down-spin electrons, respectively, with JS.
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